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(57) ABSTRACT

The present disclosure provides a semiconductor package
structure. The semiconductor package structure includes a
substrate having a front surface and a back surface opposite
to the front surface, an interconnection structure disposed
over the front surface of the substrate, a first passivation
layer disposed over the back surface of the substrate, a
second passivation layer disposed over the first passivation
layer, and a TSV disposed in the substrate. In some embodi-
ments, the TSV structure penetrates the substrate from the
back surface of the substrate to the front surface of the
substrate. In some embodiments, the TSV has an end portion
protruding from the first passivation layer and separated
from the second passivation layer.
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SEMICONDUCTOR PACKAGE STRUCTURE
AND METHOD FOR PREPARING THE
SAME

PRIORITY DATA

This application claims the priority benefit of U.S. pro-
visional patent application Ser. No. 62/784,613 filed on Dec.

24, 2018. The entirety of the above-mentioned patent appli-
cation 1s hereby incorporated by reference herein and made

a part of this specification.

TECHNICAL FIELD

The present disclosure relates to a semiconductor package
structure and a method for preparing the same, and more
particularly, to a semiconductor package structure including,
a through silicon via (ISV) and a method for preparing the
same.

DISCUSSION OF THE BACKGROUND

Semiconductor devices are essential for many modern
applications. With the advancement of electronic technol-
ogy, semiconductor devices are becoming smaller 1n size
while having greater functionality and greater amounts of
integrated circuitry. Due to the minmiaturized scale of semi-
conductor devices, chip-on-chip technique 1s now widely
used for manufacturing semiconductor packages.

In one approach, using a stack of at least two chips (or
dies), in a 3D package to form, for example, a memory
device, it 1s possible to produce a product having a memory
capacity which 1s twice as large as that obtainable through
other semiconductor integration processes. In addition to the
increase 1n memory capacity, a stack package also provides
improved mounting density and mounting area utilization
elliciency. Due to such advantages, research and develop-
ment of stack package technology has accelerated.

One type of a stack package using a through-silicon via
(TSV) has been disclosed in the art. The stack package using
a TSV has a structure in which the TSV 1s disposed 1n a chip
so that chips are electrically connected to each other through
the TSV. Generally, a TSV 1s formed by etching a vertical via
through a substrate and filling the via with a conductive
material, such as copper (Cu). Usually, vertical vias formed
through the substrate have a same depth and are aligned with
pads formed in the chip. Further, specific routing lines are
designed and formed to serve as the terminals on which the
TSVs are disposed. However, such specific routing lines
complicate the circuit design, especially 1n dual-die stack-
ng.

This Discussion of the Background section 1s for back-
ground information only. The statements 1n this Discussion
of the Background are not an admission that the subject
matter disclosed in this section constitutes a prior art to the
present disclosure, and no part of this section may be used
as an admission that any part of this application, including
this Discussion of the Background section, constitutes prior
art to the present disclosure.

SUMMARY

One aspect of the present disclosure provides a semicon-
ductor package structure. The semiconductor package struc-
ture includes a substrate having a front surface and a back
surface opposite to the front surface, an interconnection
structure disposed over the front surface of the substrate, a
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first passivation layer disposed over the back surface of the
substrate, a second passivation layer disposed over the first
passivation layer, and a TSV disposed 1n the substrate. In
some embodiments, the TSV structure penetrates the sub-
strate from the back surface of the substrate to the front
surface of the substrate. In some embodiments, the TSV has
an end portion protruding from the first passivation layer and
separated from the second passivation layer.

In some embodiments, a length of the TSV 1s greater than
a thickness of the substrate.

In some embodiments, a difference between the length of
the TSV and the thickness of the substrate i1s between
approximately 1 micrometer and approximately 10 um.

In some embodiments, the TSV 1s electrically connected
to the interconnection structure.

In some embodiments, the semiconductor package struc-
ture further includes a first connecting structure disposed
over the mterconnection structure.

In some embodiments, the first passivation layer 1s 1n
contact with a portion of sidewalls of the TSV,

In some embodiments, a step height 1s defined by a
surface of the end portion of the TSV and a top surface of
the first passivation layer.

In some embodiments, the semiconductor package struc-
ture further includes a second connecting structure disposed
over the second passivation layer and the TSV,

In some embodiments, the semiconductor package struc-
ture further includes a metallic layer disposed between the
TSV and the second connecting structure.

In some embodiments, the metallic layer and the second
connecting structure surround the end portion of the TSV,

One aspect of the present disclosure provides a method
for preparing a semiconductor package structure. The
method mncludes the following steps. A substrate 1s provided.
In some embodiments, the substrate includes a TSV embed-
ded therein. The substrate has a front surface and a back
surface opposite to the front surface. A portion of the
substrate 1s removed to expose the TSV through the back
surface. In some embodiments, the TSV includes a first end
portion exposed through and protruding from the back
surface of the substrate. A first passivation layer 1s disposed
over the back surface of the substrate. In some embodi-
ments, the TSV includes a second end portion exposed
through and protruding from the first passivation layer. A
second passivation layer 1s disposed over the first passiva-
tion layer. In some embodiments, the second passivation
layer has a stair-step opening, and the second end portion of
the TSV 1s exposed through the stair-step opening. A first
connecting structure 1s disposed in the stair-step opening.

In some embodiments, the method further includes dis-
posing an interconnection structure and a second connecting
structure over the front surface of the substrate.

In some embodiments, the removing of the portion of the
substrate further includes the following steps. The substrate
1s thinned from the back surface such that a surface of the
TSV and the back surface are coplanar. The substrate 1s then
etched back from the back surface to expose the first end
portion of the TSV.

In some embodiments, a first step height 1s defined by a
surface of the first end portion and the back surface of the
substrate after the removing of the portion of the substrate.

In some embodiments, the first step height 1s between
approximately 1 micrometer and approximately 10 um.

In some embodiments, the disposing of the first passiva-
tion layer further includes the following steps. The first
passivation layer 1s disposed conformally over the back
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surface of the substrate. A portion of the first passivation
layer 1s removed to expose the second end portion of the

1TSV.

In some embodiments, a second step height 1s defined by
a surface of the second end portion and a top surface of the
first passivation layer.

In some embodiments, the disposing of the second pas-
sivation layer further includes the following steps. The
second passivation layer 1s disposed over the back surface of
the substrate. A portion of the second passivation layer 1s
removed to form the stair-step opening.

In some embodiments, the method further includes dis-
posing a metallic layer prior to the forming of the first
connecting structure.

In the present disclosure, a method for preparing the
semiconductor package structure 1s provided. According to
the method, the TSV has an end portion protruding from the
back surface of the substrate. Significantly, the end portion
of the TSV protrudes from the first passivation layer, and 1s
exposed through the stair-step opening 1n the second passi-
vation layer. The end portion of the TSV serves as a tenon,
and the connecting structure disposed over the TSV can be
formed to surround the end portion of the TSV and serve as
a mortise. Consequently, the connecting structure 1s fixed to
the TSV due to the tenon-like end portion. Because the
connecting structure 1s fixed to the TSV, the reliability of the
semiconductor package structure 1s improved.

In contrast, with a comparative method, the TSV 1s
entirely embedded 1n the substrate, the connecting structure
may separate from the semiconductor package structure
under stress, and the semiconductor package structure sui-
ters from reduced reliability.

The foregoing has outlined rather broadly the features and
technical advantages of the present disclosure 1n order that
the detailed description of the disclosure that follows may be
better understood. Additional features and technical advan-
tages of the disclosure are described hereinaiter, and form
the subject of the claims of the disclosure. It should be
appreciated by those skilled in the art that the concepts and
specific embodiments disclosed may be utilized as a basis
for modilying or designing other structures, or processes, for
carrying out the purposes of the present disclosure. It should
also be realized by those skilled 1n the art that such equiva-
lent constructions do not depart from the spirit or scope of
the disclosure as set forth in the appended claims.

BRIEF DESCRIPTION OF THE DRAWINGS

A more complete understanding of the present disclosure
may be derived by referring to the detailed description and
claims. The disclosure should also be understood to be
connected to the figures’ reference numbers, which refer to
similar elements throughout the description, and:

FIG. 1 1s a flow diagram 1llustrating a method for pre-
paring a semiconductor package structure in accordance
with some embodiments of the present disclosure.

FIGS. 2 to 11 are schematic diagrams 1llustrating various
tabrication stages of the method for preparing the semicon-
ductor package structure in accordance with the embodiment
of the present disclosure.

DETAILED DESCRIPTION

Embodiments, or examples, of the disclosure 1llustrated in
the drawings are now described using specific language. It
shall be understood that no limitation of the scope of the
disclosure 1s hereby intended. Any alteration or modification
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4

of the described embodiments, and any further applications
of principles described 1n this document, are to be consid-
ered as normally occurring to one of ordinary skill in the art
to which the disclosure relates. Reference numerals may be
repeated throughout the embodiments, but this does not
necessarily mean that feature(s) of one embodiment apply to
another embodiment, even 1f they share the same reference
numeral.

It shall be understood that, although the terms first,
second, third, etc. may be used herein to describe various
clements, components, regions, layers or sections, these
clements, components, regions, layers or sections are not
limited by these terms. Rather, these terms are merely used
to distinguish one element, component, region, layer or
section from another element, component, region, layer or
section. Thus, a first element, component, region, layer or
section discussed below could be termed a second element,
component, region, layer or section without departing from
the teachings of the present inventive concept.

The terminology used herein 1s for the purpose of describ-
ing particular example embodiments only and 1s not
intended to be limiting to the present inventive concept. As
used herein, the singular forms “a,” “an” and “the” are
intended to include the plural forms as well, unless the
context clearly indicates otherwise. It shall be further under-
stood that the terms “comprises” and “comprising,” when
used 1n this specification, point out the presence of stated
features, 1ntegers, steps, operations, elements, or compo-
nents, but do not preclude the presence or addition of one or
more other features, integers, steps, operations, elements,
components, or groups thereof.

FIG. 1 1s a flow diagram illustrating a method for pre-
paring a semiconductor package structure 10 1n accordance
with an embodiment of the present disclosure. The method
for preparing a semiconductor structure 10 includes a step
101, providing a substrate including a TSV embedded
therein. In some embodiments, the substrate has a front
surface and a back surface opposite to the front surface. The
method 10 further includes a step 102, removing a portion
ol the substrate to expose the TSV through the back surface.
In some embodiments, the TSV includes a first end portion
exposed through and protruding from the back surface of the
substrate. The method 10 further includes a step 103, dis-
posing a lirst passivation layer over the back surface of the
substrate. In some embodiments, the TSV 1includes a second
end portion exposed through and protruding from the first
passivation layer. The method 10 turther includes a step 104,
disposing a second passivation layer over the {irst passiva-
tion layer. In some embodiments, the second passivation
layer has a stair-step opeming. The second end portion of the
TSV 1s exposed through the stair-step opening. The method
10 further includes a step 105, disposing a first connecting,
structure 1n the stair-step opening. The method for preparing
the semiconductor package structure 10 will be further
described according to one or more embodiments below.

FIGS. 2 to 11 are schematic drawings illustrating various
fabrication stages of the method for preparing the semicon-
ductor package structure in accordance with an embodiment
of the present disclosure. Referring to FIG. 2, a substrate 202
1s provided according to step 101. In some embodiments, the
substrate 202 1s fabricated with a predetermined functional
circuit within the substrate 202 produced by photolithogra-
phy processes. In some embodiments, the substrate 202
includes a variety of electrical circuits suitable for a par-
ticular application. In some embodiments, the electrical
circuits mclude various devices such as transistors, capaci-
tors, resistors, diodes or the like. In some embodiments, the




US 10,763,199 B2

S

substrate 202 includes any one of various known types of
semiconductor devices to form accelerated processing units
(APU), central processing units (CPU), graphic processing
units (GPU), microprocessors, application-specific inte-
grated circuits (ASICs), digital signal processors (DSPs), or

the like.

As shown 1n FIG. 2, the substrate 202 includes a front
surface 204a and a back surface 2045 opposite to the front
surface 2044a. In some embodiments, the front surface 204a
1s an active surface in which the circuits or electrical
components are disposed. In some embodiments, the back
surface 2045 1s an 1nactive side where the circuits or
clectrical components are absent.

As shown 1n FIG. 2, the substrate 202 includes at least a
TSV 210 embedded 1n the substrate 202. In some embodi-
ments, the TSV 210 can be formed by the following steps,
but the disclosure 1s not limited thereto. For example, at least
a hole (not shown) 1s formed 1n the substrate 202 by an etch
method or a laser drill method. Thereafter, conductive
material, which can be tungsten (W) or another suitable
material, fills the hole to form the TSV 210. In some
embodiments, other layers such as a diffusion barrier layer
and/or a seed layer that may be required, can be formed
betore the filling. In some embodiments, the TSV 210 can be
disposed within the substrate 202 with only an end surface
exposed through the front surface 2044 of the substrate 202.

As shown 1n FIG. 2, in some embodiments, the method 10
turther includes disposing an interconnection structure 220
and a connecting structure 230 over the front surface 204a
of the substrate 202 after the forming of the TSV 210. In
some embodiments, the interconnection structure 220
includes a plurality of dielectric layers and a plurality of
interconnect features disposed in the plurality of dielectric
layers; however such layers and interconnect features are
omitted from FIG. 2 in the interest of brevity. In some
embodiments, the interconnect features can include copper
(Cu), W or other suitable materials, but the disclosure 1s not
limited thereto. The connecting structure 230 1s electrically
connected to the circuit and the TSV 210 through the
interconnection structure 220.

Still referring to FIG. 2, in some embodiments, the
substrate 202 1s then attached to a carrier substrate 206. In
some embodiments, the substrate 202 1s temporarily
attached to the carrier substrate 206 by a release film 208. In
some embodiments, the release film 208 may be a fluorine-
base film, a silicon-coated polyethylene terephthalate film, a
polymethylpentene film, a polypropylene film, or other
suitable materials, but the disclosure 1s not limited thereto.
In some embodiments, the carrier substrate 206 1s config-
ured to support a die, a chip or a package. In some embodi-
ments, the carrier substrate 206 1s a semiconductive sub-
strate or a water. In some embodiments, the carrier substrate
206 1s a silicon wafer, a glass water or the like.

Referring to FIGS. 3 and 4, a portion of the substrate 202
1s removed to expose the TSV 210, according to step 102. In
some embodiments, step 102 can further include the fol-
lowing steps. The substrate 202 1s thinned from the back
surface 204. In some embodiments, a thickness of the
substrate 202 1s reduced. Significantly, the back surface
204H and an end surface of the TSV 210 are coplanar, as
shown 1n FIG. 3. In other words, an end surface of the TSV
210 1s in contact with the interconnection structure 220
while the opposite end surface of the TSV 210 1s now
exposed through the back surface 2045 of the substrate 202.

Referring to FIG. 4, 1n some embodiments, the substrate
202 1s etched back on the back surface 2045 after the

thinning of the substrate 202. For example, a selective
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etching process 1s performed on the back surface 2045 of the
substrate 202 to remove a portion of the substrate 202 until
the TSV 210 1n the substrate 202 protrudes from the back
surface 2045 of the substrate 202. The selective etching
process 1n this step may have a sigmificantly higher etching
rate on the material of the substrate 202 as compared to an
ctching rate on the TSV 210, so that the TSV 210 1is
substantially impervious. As shown i FIG. 4, after the
removing of the portion of the substrate 202, a portion of the
TSV 210 15 exposed through and protrudes from the back
surface 20456 of the substrate 202. In some embodiments,
such portion 1s defined as a first end portion 212 of the TSV
210. In other words, the TSV 210 includes a first end portion
212 exposed through and protruding from the back surface
2045 of the substrate 202, according to step 102. As shown
in FIG. 4, a first step height D1 1s defined by a surface of the
first end portion 212 and the back surface 2045 after the
removing of the portion of the substrate 202. In some
embodiments, the first step height D1 1s less than approxi-
mately 1 micrometer. In some embodiments, the first step
height D1 1s between approximately 1 um and approxi-
mately 10 um, but the disclosure 1s not limited thereto. For
example, the first step height D1 can be approximately 5 um,
but the disclosure 1s not limited thereto.

Referring to FIGS. 5 and 6, a first passivation layer 240
1s disposed over the back surface 2045 of the substrate 202,
according to step 103. In some embodiments, step 103 can
turther include the following steps. As shown 1n FIG. 5, the
first passivation layer 240 1s conformally formed over the
back surface 2045 of the substrate 202 and the first end
portion 212 of the TSV 210. The first passivation layer 240
covers and contacts the back surface 2045 of the substrate
202, sidewalls of the first end portion 212 and an end surface
of the first end portion 212. In some embodiments, the first
passivation layer 240 includes morganic maternials, such as
silicon nitride (SiN), silicon oxide (S10) or a combination
thereof, but the disclosure 1s not limited thereto. In some
embodiments, a thickness of the first passivation layer 240
1s between approximately 0.5 um and approximately 5 um,
but the disclosure 1s not limited thereto. For example, the
thickness of the first passivation layer 240 can be approxi-
mately 1 um, but the disclosure 1s not limited thereto.

Referring to FIG. 6, next, a portion of the first passivation
layer 240 1s removed. For example, a selective etching
process 1s performed on the first passivation layer 240 to
remove the portion of the first passivation layer 240 until the
TSV 210 protrudes from the first passivation layer 240, as
shown 1n FIG. 6. The selective etching process 1n this step
may have a significantly higher etching rate on the material
ol the first passivation layer 240 as compared to an etching
rate on the TSV 210, so that the TSV 210 1s substantially
impervious. As shown in FIG. 6, after the removing of the
portion of the first passivation layer 240, a portion of the
TSV 210 1s exposed through and protrudes from the first
passivation layer 240. In some embodiments, such portion 1s
defined as a second end portion 214 of the TSV 210. In other
words, the TSV 210 includes a second end portion 214
exposed through and protruding from the first passivation
layer 240, according to step 103. In some embodiments, a
volume of the second end portion 214 1s less than a volume
of the first end portion 212. As shown in FIG. 6, a second
step height D2 1s defined by a surface of the second end
portion 214 and a top surface of the first passivation layer
240 after the removing of the portion of the first passivation
layer 240. The second step height D2 1s less than the first
step height D1. In some embodiments, the second step
height D2 1s between approximately 1 um and approxi-
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mately 5 um, but the disclosure 1s not limited thereto. For
example, the second step height D2 can be approximately 2
um, but the disclosure 1s not limited thereto.

Referring to FIGS. 7 and 8, a second passivation layer 242
1s disposed on the first passivation layer 240, according to
step 104. In some embodiments, step 104 can further include
the following steps. As shown 1 FIG. 7, the second passi-
vation layer 242 1s formed over the first passivation layer
240 and the second end portion 214 of the TSV 210. The
second passivation layer 242 covers and contacts the first
passivation layer 240, sidewalls of the second end portion
214 and an end surface of the second end portion 214. In
some embodiments, the second passivation layer 242
includes organic materials, such as polyimide, but the dis-
closure 1s not limited thereto. In some embodiments, a
thickness of the second passivation layer 242 1s between
approximately 2 um and approximately 10 um, but the
disclosure 1s not limited thereto. For example, the thickness
of the second passivation layer 242 can be approximately 5
um, but the disclosure 1s not limited thereto.

Referring to FIG. 8, next, a portion of the second passi-
vation layer 242 i1s removed. In some embodiments, the
portion of the second passivation layer 242 1s removed to
form a stair-step opening 243, according to step 104. Sig-
nificantly, the second end portion 214 of the TSV 210 1s not
only exposed through the stair-step opening 243, but 1s also
separated from the second passivation layer 214, as shown
in FIG. 8.

Referring to FIG. 9, a metallic layer 244 can be disposed
over a portion of the second passivation layer 242. In some
embodiments, the metallic layer 244 1s disposed over a
portion of the second passivation layer 242 in the stair-step
opening 243, as shown in FIG. 9. In some embodiments, the
metallic layer 244 1s conformally formed 1n the stair-step
opening 243. Sigmificantly, the second end portion 214
exposed through the stair-step opening 243 1s covered by the
metallic layer 244. In some embodiments, the metallic layer
244 can be an under bump metallization (UBM) 244. The
UBM 244 1s sputtered or plated over the portion of the
second passivation layer 242 1n the stair-step opening 243.
In some embodiments, the UBM 244 1s composed of a single
layer or a stack of metal layers of different materials selected
from a group consisting of chromium (Cr), Titanium (11),
Cu, silver (Ag), and a combination thereof.

Referring to FIG. 10, a connecting structure 232 can be
disposed 1n the stair-step opening 243, according to step 105.
The connecting structure 232 1s disposed over a portion of
the second passivation layer 242. Specifically, the connect-
ing structure 232 1s disposed on the UBM 244 1n the
stair-step opening 243. In some embodiments, the connect-
ing structure 232 1s a conductive bump, which includes
conductive material such as solder, Cu, mickel (N1), or gold
(Au), but the disclosure 1s not limited thereto. In some
embodiments, the connecting structure 232 1s a solder ball,
a ball gnid array (BGA) ball, a controlled collapse chip
connection (C4) bump, a microbump, or a pillar, but the
disclosure 1s not limited thereto. In some embodiments, the
connecting structure 232 can have a spherical, hemispherical
or cylindrical shape, but the disclosure 1s not limited thereto.

As shown 1n FIG. 10, the connecting structure 232 and the
UBM 244 surround the second end portion 214 exposed
through the stair-step opening 243. Significantly, the second
end portion 214 of the TSV 210 serves as a tenon such that
the connecting structure 232 and the UBM 244 can be fixed
to the tenon-like second end portion 214 of the TSV 210.

Referring to FIG. 11, after the forming of the connecting
structure 232, the substrate 202 1s singulated and detached
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from the carrier substrate 206, and thus a semiconductor
package structure 200 1s obtained.

As shown 1n FIG. 11, the semiconductor package struc-
ture 200 includes a substrate 202 having a front surface 204a
and a back surface 2045 opposite to the front surface 204a,
an 1nterconnection structure 220 disposed over the front
surface 204a of the substrate 202, a first passivation layer
240 disposed over the back surface 2045 of the substrate
202, a second passivation layer 242 disposed over the first
passivation layer 240, and a TSV 210 disposed in the
substrate 202. In some embodiments, the TSV 210 pen-
ctrates the substrate 202 from the back surface 2045 to the
front surtace 204a. Further, the TSV 210 has an end portion
214 protruding from the first passivation layer 240 and
separated from the second passivation layer 242. In some
embodiments, the first passivation layer 240 1s 1n contact
with a portion of sidewalls of the TSV 210.

As shown 1n FIG. 11, a length of the TSV 210 1s greater
than a thickness of the substrate 202. Further, a difference
D1 between the length of the TSV 210 and the thickness of
the substrate 202 1s less than 1 um. In some embodiments,
the difference D1 1s between approximately 1 um and
approximately 10 um, but the disclosure 1s not limited
thereto. For example, the difference D1 can be approxi-
mately 5 um, but the disclosure 1s not limited thereto. A step
height D2 1s defined as a difference between a surface of the
end portion 214 of the TSV 210 and a top surface of the first
passivation layer 240. In some embodiments, the step height
D2 1s between approximately 1 um and approximately 5 um,
but the disclosure 1s not limited thereto. For example, the
step height D2 can be approximately 2 um, but the disclo-
sure 1s not limited thereto.

The semiconductor package structure 200 further includes
a connecting structure 230 disposed over the interconnection
structure 220, and a connecting structure 232 disposed over
the second passivation layer 242. The connecting structure
230 15 electrically connected to the interconnection structure
220, the interconnection structure 220 1s electrically con-
nected to the TSV 210, and the connecting structure 232 1s
clectrically connected to the TSV 210. Accordingly, the
connecting structure 230 and the connecting structure 232
are electrically connected through the TSV 210 and the
interconnection structure 220. In other words, the TSV 210
provides vertical connection between the back surface 20456
and the front surface 204a of the substrate 202.

Still referring to FIG. 11, the second passivation layer 242
includes a stair-step shape. In some embodiments, the semi-
conductor package structure 200 further includes a metallic
layer 244 serving as a UBM and disposed 1n the stair-step
opening, and the connecting structure 232 1s disposed on the
UBM. In other words, the metallic layer 244 1s disposed
between the connecting structure 232 and the TSV 210, and
between the connecting structure 232 and the second pas-
sivation layer 242. A space 1s formed between the second
passivation layer 242 and the end portion 214 of the TSV
210 1n the stair-step opening. In some embodiments, the
space 1s filled with the metallic layer 244. In other embodi-
ments, the space 1s filled with the metallic layer 244 and the
connecting structure 232, as shown 1n FIG. 11. Accordingly,
the metallic layer 244 and the connecting structure 232
surround the end portion 214 of the TSV 210.

In the present disclosure, a method for preparing the
semiconductor package structure 10 1s provided. According
to the method 10, the TSV 210 has the end portion 214
protruding from the back surface 2045 of the substrate 202.
Significantly, the end portion 214 of the TSV 210 protrudes
from the first passivation layer 240, and 1s exposed through
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the stair-step opening 1n the second passivation layer 242.
The end portion 214 of the TSV 210 serves as a tenon, and
the connecting structure 232 disposed over the TSV 210 can
be formed to surround the end portion 214 of the TSV 210.
Consequently, the connecting structure 232 1s fixed to the °
TSV 210 due to the tenon-like end portion 214. Because the
connecting structure 232 1s fixed to the TSV 210, the
reliability of the semiconductor package structure 200 1s
improved.

In contrast, with a comparative method, the TSV is 10
entirely embedded 1n the substrate, the connecting structure
may fall from the semiconductor package structure under
stress, and the semiconductor package structure suflers from
reduced reliability.

One aspect of the present disclosure provides a semicon- 15
ductor package structure. The semiconductor package struc-
ture includes a substrate having a front surface and a back
surface opposite to the front surface, an interconnection
structure disposed over the front surface of the substrate, a
first passivation layer disposed over the back surface of the 2¢
substrate, a second passivation layer disposed over the first
passivation layer, and a TSV disposed 1n the substrate. In
some embodiments, the TSV structure penetrates the sub-
strate from the back surface of the substrate to the front
surface of the substrate. In some embodiments, the TSV has 2>
an end portion protruding from the first passivation layer and
separated from the second passivation layer.

One aspect of the present disclosure provides a method
for preparing a semiconductor package structure. The
method includes the following steps. A substrate is provided. 3Y
In some embodiments, the substrate includes a TSV embed-
ded therein. The substrate has a front surface and a back
surface opposite to the front surface. A portion of the
substrate 1s removed to expose the TSV through the back
surface. In some embodiments, the TSV includes a first end 32
portion exposed through and protruding from the back
surface of the substrate. A first passivation layer 1s disposed
over the back surface of the substrate. In some embodi-
ments, the TSV includes a second end portion exposed
through and protruding from the first passivation layer. A 4Y
second passivation layer 1s disposed over the first passiva-
tion layer. In some embodiments, the second passivation
layer has a stair-step opening, and the second end portion of
the TSV 1s exposed through the stair-step opening. A first
connecting structure 1s disposed in the stair-step opening. 4>

Although the present disclosure and 1ts advantages have
been described 1n detail, 1t should be understood that various
changes, substitutions and alterations can be made herein
without departing from the spirit and scope of the disclosure
as defined by the appended claims. For example, many of the >©
processes discussed above can be implemented in different
methodologies and replaced by other processes, or a com-
bination thereof.

Moreover, the scope of the present application 1s not
intended to be limited to the particular embodiments of the >3
process, machine, manufacture, and composition of matter,
means, methods and steps described 1n the specification. As
one of ordinary skill in the art will readily appreciate from
the present disclosure, processes, machines, manufacture,

10

compositions of matter, means, methods, or steps, presently
existing or later to be developed, that perform substantially
the same function or achieve substantially the same result as
the corresponding embodiments described herein may be
utilized according to the present disclosure. Accordingly, the
appended claims are intended to include within their scope
such processes, machines, manufacture, compositions of
matter, means, methods, or steps.

What 1s claimed 1s:

1. A semiconductor package structure, comprising;:

a substrate having a front surface and a back surface

opposite to the front surface;

an interconnection structure disposed over the front sur-

face of the substrate;

a {irst passivation layer disposed over the back surface of

the substrate;

a second passivation layer disposed over the first passi-

vation layer; and

a through silicon via (1SV) disposed in the substrate; and

a metallic layer disposed over the TSV,

wherein the TSV penetrates the substrate from the back

surface to the front surface, and the TSV has an end
portion protruding from the first passivation layer and
separated from the second passivation layer;

wherein the metallic layer covers and contacts a top

surface and sidewalls of the end portion of the TSV.

2. The semiconductor package structure of claim 1,
wherein a length of the TSV 1s greater than a thickness of the
substrate.

3. The semiconductor package structure of claim 2,
wherein a diflerence between the length of the TSV and the
thickness of the substrate 1s between approximately 1
micrometer and approximately 10 um.

4. The semiconductor package structure of claim 1,
wherein the TSV 1s electrically connected to the intercon-
nection structure.

5. The semiconductor package structure of claim 1, fur-
ther comprising a {irst connecting structure disposed over
the 1nterconnection structure.

6. The semiconductor package structure of claim 1,
wherein the first passivation layer 1s in contact with a portion
of sidewalls of the TSV.

7. The semiconductor package structure of claim 1,
wherein a step height 1s defined by a surface of the end
portion of the TSV and a top surface of the first passivation
layer.

8. The semiconductor package structure of claim 1,
wherein the second passivation layer comprising a stair-step
opening.

9. The semiconductor package structure of claim 1, fur-
ther comprising a second connecting structure disposed over
the second passivation layer and the TSV.

10. The semiconductor package structure of claim 9,
wherein the metallic layer 1s disposed between the TSV and
the second connecting structure.

11. The semiconductor package structure of claim 10,
wherein the metallic layer and the second connecting struc-
ture surround the end portion of the TSV,
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